Objectives. Metformin is the preferred oral antidiabetic agent for type 2 diabetes. Lactic acidosis is described as a rare complication, usually during an acute kidney injury (AKI). Material and Methods. We conducted a prospective observational study of metforminassociated AKI cases during four years. 29 cases were identified. Previous renal function, clinical data, and outcomes were recorded.
Introduction
Metformin is the only biguanide extensively used these days, and has become the first-line oral drug in type 2 diabetes [1] . Metformin-associated lactic acidosis has not been thoroughly characterized. Meta-analyses and large studies have been unable to establish an epidemiological association, probably due to its low incidence rate. However, most cases have been reported associated with an episode of acute kidney injury (AKI), predominantly in intensive care units [2] [3] [4] . Usual treatment includes correction of acidosis and hyperkalemia using bicarbonate solutions, as well as renal replacement therapies (RRT) [5] .
Some coexisting conditions have been classically defined as contraindications for the use of metformin [6] . The reason for including chronic kidney disease (CKD) probably arises from the fact that most cases of lactic acidosis were described in association with an AKI episode derived from hypovolemia secondary to gastrointestinal losses. Experimental studies and several series of cases show that adverse outcomes seem more related to hepatic dysfunction than to renal impairment [2, 3, 7] . The pharmacological effect of metformin, as well as the onset of lactic acidosis, could be mediated in part through a self-limiting inhibition of the respiratory chain that restrains hepatic gluconeogenesis while increasing glucose utilization in peripheral tissues [8, 9] .
This study describes the features of the AKI related to metformin use to determine the prognostic influence of previous CKD, in an attempt to find if there is real evidence to further consider renal impairment as a contraindication for metformin prescription.
Material and Methods

Study Design.
The study was developed at the Hospital General Universitario Gregorio Marañón, in Madrid, between 2006 and 2010. We recorded all patients with AKI meeting RIFLE criteria for renal injury or failure. Patients were included whenever they followed daily treatment with metformin and had biochemical data of metabolic acidosis.
Clinical data were collected. Renal function was evaluated (before-at least three months earlier and while in a healthy state-, baseline and during followup). Serum creatinine and estimated glomerular filtration rate (eGFR) as calculated with the MDRD-4-IMDS equation were recorded. Patients were stratified according to the NKF-KDOQI criteria for CKD stages according to their previous serum creatinine: normal eGFR (over 60 mL/min/1.73 m 2 ) and CKD (below 60), and those with CKD in stages 3a (eGFR between 45 and 59 mL/min) and 3b (between 30 and 44).
2.2.
Objectives. Our primary goal was to evaluate RRT requirements in a crude, unadjusted analysis, stratified by previous renal function. Secondary endpoints included renal function at hospital discharge and three months later, and all-cause mortality.
Statistical Analysis.
All statistical analyses were performed with SPSS, version 15.0.1 (SPSS Inc, Chicago, IL). Categorical data were compared using the Chi-square test, and continuous variables by means of a Student's t-test. Association between basal characteristics and potential prognostic factors was assessed in univariate analyses. Statistical significance was defined as a two-tailed P < 0.05.
Results
Twenty-nine patients were included, thirteen men and sixteen women, with a mean age of 72.00 ± 8.78 years ( Table 1 ). The daily metformin dose was 1700 to 2550 mg. Baseline mean serum creatinine concentration was 105.20 ± 29.17 µmol/L: seventeen patients (59%) had baseline stage 3 CKD (28% stage 3a and 31% stage 3b). Twenty-six patients were admitted into the emergency unit with volume depletion in the context of gastrointestinal losses, most of them 24 to 72 hours after the beginning of the symptoms. The remaining three had a septic shock. The mean laboratory values at the time of admission are summarized in Table 1 .
Nine patients (30%) were treated with intravenous fluids, including administration of bicarbonate, and medical management of hyperkalemia. The other twenty also required RRT: eleven (55%) with continuous techniques and nine with intermittent hemodialysis. Fifteen patients (51.7%) required ICU admission.
Patients with lower plasma pH, higher level of potassium, lower serum proteins, and lower hemoglobin concentration had a higher probability of requiring RRT (Table 2) . We detected no cases of lactic acidosis related to long-term metformin use without a concomitant AKI. Previous renal dysfunction had no influence on the outcome: a worse chronic kidney disease stage did not imply a higher risk of needing dialysis. In fact, 91.7% of the patients with a previous eGFR over 60 mL/min/1.73 m 2 needed RRT, yet only 47.1% of the patients with CKD did (P = 0.013). This significant difference could also be seen in the subgroups analysis ( Figure 1 ).
Three patients died: one, secondarily to refractory septic shock, and two cirrhotic patients developed concomitant liver failure. The average in-hospital length of stay was 15.66 ± 11.02 days. Renal function prognosis was good: the mean creatinine at hospital discharge was 138.79 ± 42.43 µmol/L. Three months after discharge, the mean creatinine was 106.96 ± 38.01 µmol/L.
Discussion
In our study, mild-to-moderate CKD is not associated with the risk of developing the AKI episode. CKD is neither associated with a more severe acidosis nor does it imply a higher morbimortality. In contrast, in our study, the group of patients with moderate CKD has lower RRT requirements, as a proof of a less severe episode. This fact cannot be explained by means of a more profound hypotension or a higher rate of SRAA blockers use. Because of that, we consider it safe that this group of patients could continue with metformin treatment.
Volume depletion and hypoperfusion appear more important in the severity of metformin-related metabolic acidosis when associated with an AKI. Thus, patients undergoing any risk situation for volume depletion would benefit from a temporary interruption in their metformin treatment. This is a regular practice for radiological studies with iodated contrasts, as part of nephrotoxicity prophylaxis. It could also become a good practice for primary care physicians to advice patients on metformin to temporarily interrupt this treatment whenever they develop any other potential danger, particularly diarrhea or vomiting. We believe that this simple practice would lower the rate of this complication of metformin.
Previous renal dysfunction has been described as a potential risk factor of metformin-associated lactic acidosis and most guidelines support CKD as a contraindication. While CKD stages 4-5 (eGFR below 30) are accepted as an absolute contraindication, the information about moderate CKD (eGFR between 30 and 59) is more controversial [10] . It is established as an absolute contraindication in the technical information of the drug, but other guidelines of scientific societies, such as the American Diabetes Association, permit its use in patients with an eGFR > 30 mL/min [1] . Recent studies point out liver disease as more important risk and prognostic factors. Peters et al. [4] and Seidowsky et al. [3] find prothrombin time and prothrombin activity respectively as the only analytical factors related to a higher mortality. Furthermore, experimental studies highlight the importance of the biochemical pathways affected by this drug, mainly glycolysis activation and inhibition of gluconeogenesis and mitochondrial respiratory chain complex 1, both in liver cells [7] [8] [9] . The fact that two of our three deaths were due to hepatic failure supports this idea.
Study Limitations.
In spite of being one of the largest series describing metformin-related AKI, our sample is still comprised of a low number of patients. A larger series could give more data on mortality predictive factors. Also, a controlled study comparing the outcomes of medical treatment versus RRT would shed light on the best therapeutic approach.
Conclusion
In our study, stage 3 chronic kidney disease is not associated with a higher risk for dialysis-dependent acute kidney injury in patients who develop lactic acidosis while taking metformin, and it seems not to influence prognosis. Thus, metformin appears to be safe in this group of patients.
